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http://dx.doi.org/10.1016/j.hkpj.2013.04.00Abstract This study tests the inter- and intra-rater reliability of a new method of interpret-
ing centre of gravity (COG) location results of the modified Clinical Test of Sensory Interaction
on Balance (mCTSIB) tested on the NeuroCOM Balance Master (BM). Sixty-three women (40–80
years) were randomly selected from a cohort of 500 women from the Longitudinal Assessment
of Women (LAW) study. Start location of COG, as provided diagrammatically in the BM test re-
sults, for each of the four tests (firm surface, eyes open and closed; foam surface, eyes open
and closed) was subjectively allocated by two raters (blinded to one another) to one of nine
location categories on two occasions separated by at least 2 weeks. Kappa (l) analysis of
the data showed a substantial level of both inter-rater [l Z 0.84 (95% CI Z 0.82–0.86)] and
intra-rater [rater 1 lZ 0.78 (95% CIZ 0.74–0.79), rater 2 lZ 0.88 (95% CIZ 0.86–0.90)] reli-
ability. The strong inter- and intra-rater reliability of this new interpretation of COG location in
the mCTSIB test on the BM suggests that this may be an additional reliable method for clini-
cians to interpret results from steady state balance tests on the BM.
Copyright ª 2013, Hong Kong Physiotherapy Association Ltd. Published by Elsevier (Singapore)
Pte Ltd. All rights reserved.Introduction (COM) within the base of support (BOS) [1]. There are severalPreservation of standing balance depends on the ability of an
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Figure 1 Example of COG location results for each trial and
category allocations. FiEO “o” Z Sector 1; FiEC “þ” Z no
allocation; FoEO “*” Z Sector 6 as the two visible symbols fall
directly on the line; FoEC “X” Z Sector 2.
65COM (i.e., both the speed and direction of movement), and
the size and configuration of the BOS. As force plate tech-
nology has become more available in rehabilitation settings,
clinicians are now able to access more accurate information
on the velocity of the COG in assessment of patients. In
addition, the size of the BOS being used can be seen via limits
of stability measures. However, it is still not possible to track
the location of the COG in the clinical setting.
It has been shown that the proximity of COG location to
the boundary of the BOS is linked with the need to take a
protective step [2]. Also an association has been identified
between the antero-posterior position of COG and fall
incidence [3] in a group of older adults who had fallen once
or twice in the previous 12 months. Given these indications
of the relevance of the location of COG in the preservation
of balance stability a method by which COG location could
be tracked would be of value to clinicians. It would provide
additional information as part of the assessment process,
particularly in those patients with pathology which affects
the sensory systems, as well as being a useful indicator of
the impact of therapeutic intervention.
The aim of this study is to examine the inter- and intra-
rater reliability of anewmethod tomonitor the locationof the
COG which has been developed by the authors. It is based on
an analysis of the results produced by the NeuroCom Balance
Master 6.0 (BM) (Clackamas, Oregon, USA) for the modified
Clinical Test of Sensory Interaction on Balance (mCTSIB) test
battery. The BM software provides an average composite
location of COG across all tests for the mCTSIB. In addition,
the location of the COG is recorded diagrammatically at the
commencement of each trial (Fig. 1). An average composite
COG location is not useful clinically because it does not pro-
vide specific information for each of the surface and visual
conditions.A reliablemethodof categorising theCOG location
under the different test conditions of vision and surface
is proposed based on the results provided by the BM. This will
enable understanding of the behaviour of the COG in healthy
adults under these different test conditions. Such a measure
is necessary so that comparisons canbemade fordifferent age
groups and different pathologies to inform focused treat-
ments for balance deficits. An analysis of the separate dia-
grammaticCOGrecordings fromtheBMfor eachof themCTSIBtests forms the basis for this original method of interpretation
of COG location under different test conditions.
Methods
Participants
Balance Master results printouts from 63 participants were
selected from a larger sample of 500 independent,
community-dwelling women (age range: 40e80 years) who
participated in the Longitudinal Assessment of Women (LAW)
study [4]. Paper copies of results from participants were
stored in seven, four-drawer filing cabinets. The first drawer
in each cabinet housed data from the age group of 40e49
years, while the second, third, and fourth drawers held data
for the age groups of 50, 60, and 70 years, respectively.
Modified systematic sampling was used such that every
second file from a single drawer in each of the seven four-
drawer filing cabinets was selected: (1) drawer 1 in cabi-
net 1, (2) drawer 2 in cabinet 2, (3) drawer 3 in cabinet 3,
and so on, returning to drawer 1 for cabinet 5. This method
enabled an unbiased sample to be extracted and ensured
that all age groups were represented in the sample (19 in
their 40 s, 19 in their 50 s, 12 in their 60 s, and 13 in their
70 s). Ethical approval for the LAW study was obtained from
the ethics committees of the Royal Brisbane and Women’s
Hospital and The University of Queensland. All participants
provided written consent prior to the start of the study [4].
Measurements
The mCTSIB carried out on the BM consists of four test
conditions to explore balance on different surface types
with and without vision: (1) firm surface, eyes open (FiEO),
(2) firm surface, eyes closed (FiEC), (3) foam surface, eyes
open (FoEO), and (4) foam surface, eyes closed (FoEC). It is
an abridged version of the Clinical Test of Sensory Inter-
action on Balance [5], which allows clinicians to bias the
three sensory (somatosensory, visual, and vestibular) inputs
involved in postural stability during a steady state balance
assessment. The summary results provided by the BM soft-
ware package gave three measurements of COG: (1) the
sway velocity (degrees/s) mean for each test condition as
well as an average of the mean sway velocity across all four
tests (twelve trials in total), (2) the composite Limits of
Stability across all four test conditions, and (3) the COG
alignment, also calculated as a composite score across all
four test conditions, which reflects an average of the sub-
ject’s start positions relative to the centre of the BOS. A
diagram (Fig. 1) is also presented using symbols (o Z FiEO,
þZ FiEC, *Z FoEO, XZ FoEC) to represent the location of
the COG at the start of each trial. This reliability study was
based on an interpretation of the location of the test
symbols (described in the Categorisation section) for each
10-second trial as depicted in the diagram.
Procedures
The test protocol for the mCTSIB on the BM required that
the subject stood on the force plate with their two feet
apart. The stance width was determined by the BM software
A B
C D
Figure 2 Explanation of categories. (A) Quadrants: left forward (1), right forward (2), right back (3), and left back (4);
(B) forward (5) and back (6) hemispheres; (C) left (7) and right (8) hemispheres; (D) centre (9).
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widths [small (S), medium (M), and tall (T)] were marked on
the force plate for the FiEO and FiEC tests. For the FoEO and
FoEC tests, they were marked on the square of foam. Three
trials of each of the four conditions of the mCTSIB (FiEO 3,
FiEC  3, FoEO  3, and FoEC  3) were conducted. Each
trial lasted 10 seconds [6]. This procedure was repeated on
three occasions over the 5-year time phase of the study.
There was a minimum of 1 year between assessments.
Altogether four tests on three occasions gave a total of 12
test conditions, which were rated for each participant. A
total of 756 test condition results for the sample were ob-
tained from the 63 participants’ files and were used in the
reliability testing. Two raters scored the 756 test condition
results on two separate occasions in order to calculate intra-
rater as well as inter-rater reliability. There were at least 2
weeks separating the first and second rating allocation, and
the raters were blinded to one another.
Categorisation
A new method of analysing the output generated by the BM
software was developed for the purposes of this study. NoTable 1 Intra- and inter-rater reliability using kappa (l) and 95
Test Intra-rater kappa (95%
Rater 1 R
FiEO 0.80 (0.76e0.81) 0
FiEC 0.78 (0.74e0.81) 0
FoEO 0.76 (0.73e0.78) 0
FoEC 0.73 (0.70e0.75) 0
Combined 0.78 (0.74e0.79) 0
FiEC Z firm eyes closed; FiEO Z firm eyes open; FoEC Z foam eyesprevious studies that have used this method of analysing
the BM software data were found. The BM software displays
COG locations for the three trials of each test via the
symbols o, þ, *, and X (Fig. 1). This display was used to
determine the location of the COG for each condition and
formed the basis for category allocation. Nine sectors were
identified, and these are shown in Fig. 2. In order to be
allocated to a particular sector at least two of the three
symbols must occur in the same sector (Fig. 1). In some
cases, the symbols could have been allocated to more than
one sector and hence the sector numbers indicate the
order of prioritisation. In other words, quadrants take
precedence over hemispheres and forward/backward
hemispheres take precedence over left/right hemispheres.
For example, “X” in Fig. 1 could be allocated to Sector 2
(right/forward quadrant) or to Sectors 5 or 8 (forward or
right hemisphere respectively) but since quadrants take
precedence over hemispheres, the allocation is made to
Sector 2. Where two symbols fall in different sectors
(e.g.,“þ” in Fig. 1) and the third is not visible, no alloca-
tion is made. Allocation to Sector 9 occurs only when the
symbols fall directly in the centre and cannot be allocated
to any other sector. The terms “forward/backward” are% confidence interval (CI)
CI) Inter-rater kappa (95% CI)
ater 2
.88 (0.84e0.91) 0.80 (0.77e0.84)
.89 (0.87e0.93) 0.85 (0.82e0.90)
.89 (0.87e0.91) 0.86 (0.80e0.90)
.87 (0.81e0.90) 0.82 (0.78e0.84)
.88 (0.86e0.90) 0.84 (0.82e0.86)
closed; FoEO Z foam eyes open.
67used instead of “anterior/posterior” to conform with the
terminology used in the BM output.
Statistical analysis
A reliability analysis using the unweighted kappa statistic
was performed to determine the degree of consistency
for both intra- and inter-rater reliability. Kappa was cho-
sen for its ability to take into account agreement by
chance and its applicability to the nominal, categorical
data for just two raters. Scores for kappa range between
0 (consistent with agreement by chance) and 1 (perfect
agreement). A kappa value of 0.61e0.80 represents sub-
stantial reliability, while a value range of 0.81e0.99 rep-
resents almost perfect agreement [7]. A 95% confidence
interval (CI) was also calculated for each kappa statistic
to give further information regarding the strength of the
reliability analysis. Inter- and intra-rater reliability was
assessed for each test condition as well as for the reli-
ability across the four test conditions. Statistical analysis
was performed using Stata version 11.0 (StataCorp LP,
College Station, TX, USA).
Results
The results of the kappa analyses with a 95% CI are pre-
sented in Table 1. An overall inter-rater reliability of 0.84
(95% CI Z 0.82e0.86) would be described as the almost
perfect agreement. The intra-rater reliability for Rater 1
was substantial at 0.78 (95% CIZ 0.74e0.79) and for Rater
2 was almost perfect agreement at 0.88 (95% CI Z
0.86e0.90) [7]. Analysis of each individual test showed
that inter-rater agreement ranged from substantial to
almost perfect agreement and intra-rater agreement was
substantial for Rater 1 and almost perfect for Rater 2. In
addition to the strong kappa values, the CI range was
small, emphasising the precision of the reliability
coefficients.
Discussion
The usefulness of any outcome measure in the clinical
assessment of patients relies on the capacity of the mea-
sure to be consistently applied by different clinicians. This
study has assessed the reliability of a new method of
monitoring the COG start location adapted from data pro-
duced in the mCTSIB test conditions on the BM. We have
demonstrated levels of agreement ranging from substantial
(lZ 0.61e0.80) to perfect (lZ 0.81e0.99) for both inter-
and intra-rater reliability. The results from two raters for
this method of categorisation are in good agreement. This is
the first time, to the best of our knowledge, that the start
location of COG has been assessed in a defined, categorical
way for each of the four test conditions of the mCTSIB on
the BM.
The objective of devising this novel method of catego-
rising the COG location was, principally, to provide clini-
cians with a simple way to assess the COG location in the
clinical setting. The mean COG position is a summary
measure that is reported less often in research papers. In astudy to assess sampling duration effects on the reliability
of summary measures in a group of young adults, Car-
penter et al [8] found that the mean COG position for the
antero-posterior and medio-lateral planes showed high
reliability. Participants in this study were assessed stand-
ing on a firm surface with their eyes open. However, a
measure of the mean COG position across a number of
tests to assess balance under different surface and vision
conditions, as provided by the BM results, does not help
clinicians to differentiate between the responses for each
test.
Further research is needed in order to show whether or
not the COG location changes with ageing under different
surface or visual conditions in healthy adults. Studies that
identify the COG location within the BOS mostly test in-
dividuals on a firm surface only when standing with their
feet apart [8,9]. Low Choy et al [10], who reported on the
same data set used in the current study, found no changes
to stability across ages when individuals stood with their
feet apart on a firm surface with eyes open using sway
velocity data. However, they were able to demonstrate
changes for stance stability on a compliant surface as well
as for stance with eyes closed. Merlo et al [3] found that
the COG location in firm surface tests also showed no dif-
ference between groups of fallers and non-fallers. How-
ever, they found an association between COG location on a
compliant surface with eyes open and the incidence of falls
in older adults. These research findings support the need
for a clinically reliable measure of COG location in tests
that manipulate sensory inputs to be available to
clinicians.
There is increasing information available on the
behaviour of COG location in the presence of pathology.
For example, teenage girls with scoliosis had a more
posterior location of COG than controls when standing on
a firm surface with their eyes open [11]. This was also the
case for participants with chronic low back pain [12],
although in this study the same posterior location of COG
was also noted when these subjects were standing on
foam with their eyes open. As knowledge of differences
in COG location increases for participants with different
pathologies, there is a need for normative data against
which to make comparisons. It would be useful for cli-
nicians to be able to monitor COG location in the treat-
ment setting and to be able to compare the results in the
presence of pathology against the results for healthy
adults. It may also be possible in the future for the
location of COG to be used to evaluate treatment
effectiveness.
In this preliminary reliability study, we have investigated
a new method by which the Centre of Gravity location can
be monitored using the mCTSIB. Further work, including the
use of more raters, is needed in order to assess the use of
this categorising method as a valid measure of the location
of COG in different patient groups. It should be noted that
since, in this study, the COG location was measured only at
the commencement of each test trial, the method does not
purport to offer a true average of the COG location over the
complete trial. In spite of these recognised limitations, it is
hoped that these results will help to further research in this
important field.
68 J. Boughen et al.Conclusion
The location of the COG in stance warrants further inves-
tigation. This study has established the reliability for a
novel method of categorising the location of COG, devel-
oped by the authors, under a range of test conditions using
existing data from the mCTSIB on the BM. Its use will
facilitate further exploration by clinicians of COG-within-
BOS characteristics across different test conditions for
different age groups and in the presence of pathologies.
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